Spiders are interesting to physiological ecologists because of their highly organized, yet relatively simple body plan and because they constitute a major link as predators in most terrestrial food webs. Little is known about their energy budgets under natural conditions. Standard metabolic rates can be derived from resting heart rates, which are easily measured in free-ranging vertebrates (1). However, techniques de- Fig. 1 . Laser-illuminated wolf spider (Lycosa ceratiols). The tubular heart is visible as a pulsating oval spot on the dorsal surface of the abdomen (arrow) when the spider is irradiated from below by a cool He-Ne laser. beats and to eliminate disturbances that could alter them, the preparation is mounted on a vibration-free stand, isolated in a dimly lighted (20 lux) chamber, and monitored remotely with closed-circuit television. Usually spiders do not move noticeably for many minutes after an initial period of adjustment to the experimental situation (9).
Heart rates are determined at 10-minute intervals until stable resting values are obtained. If a spider becomes active while determinations are in progress, the experimenter waits until it is quiescent, realigns the laser beam, if necessary, and then resumes counting as before.
Forty-eight adult female spiders representing 18 species and 11 families (Table 1) were collected in the summer of 1974 and 1975 in Missouri, Florida, and Arizona. Because metabolic rates in spiders vary according to the levels of hunger and activity (10), a strict feeding and experimental schedule was maintained (11). Heart rates in spiders, as measured by this technique, ranged from 9 to 125 beat/min. Generally, these values are less than one-half of those reported for restrained or postoperative spiders (4, 5) . Cardiac frequencies comparable to those reported here have been found in untethered spiders (6, 12) .
Resting heart rate of spiders is primarily a function of body size (Table 1 and Fig. 2 ), as it is in other animals (13). With the exception of primitive hunters and weavers, there is a highly significant (r = .84; P < .001) negative relation between body weight and heart rate. The same size relation was also observed in metabolic studies (14) . Because the exponentials in both regression equations are identical, it is possible to cancel out body weight as a variable. Thus, the standard metabolic rate of a spider is estimated to be approximately 2.5 times its resting heart rate. These results confirm the idea that cardiac frequencies may readily serve as a measure of standard rates of metabolism in spiders.
veloped to monitor cardiac performance in large animals often are unsatis-factory for studies with arthropods. We now report on the detection and interpretation of heart rates in unre-strained spiders differing in body size and foraging strategy.
The spider heart is unusually sensitive to locomotory activity because blood serves a mechanical as well as a respiratory function. Spiders use blood as a hydrostatic fluid to extend their appendages (2) . Correspondingly, some leg joints have flexor, but not extensor, muscles (3) . Hence, the antagonistic musculature characteristic of insects, crustaceans, and vertebrates is incomplete in spiders. Normal leg extension is achieved by a moderate elevation of blood pressure, reaching 60 mm-Hg in the limbs of tarantulas (4). During a struggle or jump, there are dramatic surges in peripheral blood pressure, ranging from 450 to an estimated 1080 mm-Hg (2). When a spider becomes excited, blood pressure increases not only in its appendages but also to some degree in the prosoma and abdomen (4). This generalized rise in fluid pressure feeds back on the tubular heart, located middorsally in the abdomen, and may produce a transient drop in the already elevated heart rate (5,6). Spider heart beats are neurogenic (7). Therefore, it s possible that output from the central nervous system independently augments or opposes hydrostatic influences on cardiac function.
Unlike previous cardiac techniques, our method attempts to minimize hydrostatic as well as nervous perturbations of the heart in intact, resting spiders. Nothing is attached to an animal, and it is able to move freely in two dimensions on a solid surface or its web (8) . When a cool heliumneon laser is focused onto the ventral surface of a spider near its pedicel, the pulsating heart becomes apparent when viewed from above (Fig. 1) . The superficial heart is visible because it is more translucent than other abdominal tissues. As the heart contracts, the amount of red light emitted from the abdominal cuticle overlying it correspondingly decreases. To facilitate observation and recording of heart The exceptions to this heart rate-body size rule are important because they reflect fundamental differences in foraging strategies among spiders. The brown recluse and the spitting spiders deviate significantly from the regression shown in Fig. 2 . These primitive hunters and weavers weigh as much as jumping spiders, yet their resting heart rates are as low as a tarantula's. We suggest that this is an energy-conserving adaptation of spiders that invest little effort in prey capture and, consequently, feed only occasionally. Unlike salticids and thomisids, which are small, free-ranging, and more active hunters (15), nearsighted loxoscelids and scytodids wait until prey becomes entangled in their crude snares before they use venom or a zigzag squirt of oral glue to subdue it. It is commonly known that the brown recluse can survive indoors for months or even years without food and water. Perhaps members of these families, more so than other spiders (10), can rapidly raise and depress their general metabolism to adjust to a particular situation (16).
Although there was no significant difference (P > .05) in body weights of large (230 to 630 mg) web weavers and hunters, the former group had significantly greater (P < .001; Student's t-test) heart rates ( Fig. 2) . Both types of female spiders use silk on some occasions during their lives (for example, to encase their eggs), but the degree to which they rely on it is different (15). Large hunters, typified by wolf spiders, ambush almost any small animal moving near them and attempt to overcome it by force. In contrast, webbuilding species are characterized by a sedentary existence, becoming so committed to a life on webbing that their delicate limbs and pendulous abdomens make locomotion awkward on a smooth, horizontal surface. We suggest that the superficially apparent sedentary nature of webweaving spiders is deceptive. If the energy expended for silk production and utilization were added to predation energy budgets, it might show that orb weavers expend as much or more energy as active predators like lycosids. Hence, the ecological efficiency of web species could be much lower than predicted (17). James E. Carrel R. D. Heathcote*
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Monochromatic red light emitted by a low-intensity He-Ne laser probably causes little neural excitation and virtually no heating or tissue damage in spiders. Spiders did not move when the laser beam was pointed at their eyes or other body parts. Furthermore, after a spider had rested for 1 hour or longer, neither continuous nor intermittent transillumination evoked a noticeable change in its heart rate. The elevation of body temperature in an anesthetized Lycosa ceratiola (1g) after 1 hour of continues illumination was 0.1°C above background temperature, as detected by a thermocouple inserted in the abdomen beside the heart. 10. 
